Mitochondrial preparations isolated from black gram ( Vigna mango L.) cotyledons exhibited cyanide-resistant respiration which was of mitochondrial origin. The appearance and the disappearance of this alternative respiration took place during and following imbibition. Durin the fwst 6 hours of imbibition, the respiration was completely inhibited by cyanide, but after this time the alternative respiration markedly developed, reaching a maximal cyanide-resistance 12 to 16 hours after the start of imbibition. Subsequently, the alternative respiration gradually disappeared. The actions ofcycloheximide and chloramphenicol indicated that the appearance was dependent on cytoplasmic protein systhesis and that the disappearnce depended on both cytoplasmic and mitochondrial protein synthesis. The alternative pathway contributed to state 4 respiration, but not to state 3 respiration, in mitochondria from 1-day-old cotyledons. On day 3, it contributed to neither state 3 nor state 4.
After adjusting to pH 7.2, the homogenate was centrifuged at 1,OOOg for 10 min. The supernatant was centrifuged at 20,000g for 10 min and resultant pellet was washed once with 0.4 M mannitol, 1 mM EDTA, and 0.1% (w/v) BSA in 10 mm phosphate buffer (pH 7.2). The resulting pellet was suspended in a small volume of wash medium (washed mitochondria preparation). Further purification of the mitochondria was carried out by a slight modification of the method of Jackson et al. (11) . The washed mitochondria fraction was loaded onto a discontinuous Percoll gradient prepared with final concentrations of 11.8% (v/ v), 21% (v/v) , and 45% (v/v) Percoll, each containing 0.25 M sucrose and 2 mM K2HPO4. The final pH was adjusted to 7.2 with HCI. Each gradient comprised 2 ml of45%, 4.25 ml of21%, and 4.25 ml of 11.8% Percoll mixtures. Centrifugation conditions were 20 min at 8,000g, utilizing an angle rotor. After separation and collection of the mitochondria fraction, it was suspended in wash medium, pelleted, and resuspended in wash medium (purified mitochondria preparation).
Mitochondrial Respiration. Mitochondrial 02 consumption was measured polarographically with succinate as substrate at 30°C in 2.5 ml of reaction medium comprising 0.4 M mannitol, 4 mM MgCl2, and 0.1% (w/v) BSA in 10 mm phosphate buffer (pH 7.2) (15).
Lipoxygenase Activity. The activity in mitochondrial preparations was determined polarographically in 2.5 ml of the same reaction medium as used for the assay of mitochondrial respiration. Figure 2 . The respiration of washed mitochondria from 3-and 6-h-old cotyledons was completely inhibited by CN. Even though the seeds were imbibed for 6 h in water into which the air was vigorously bubbled, no alteration of CN sensitivity was observed. After 6 h, CN resistance rapidly increased, reaching a maximum at 12 to 16 h of imbibition. After this time, CN sensitivity was gradually recovered. The addition of BHAM completely inhibited CN- insensitive 02 uptake of the mitochondria from cotyledons of any age (data not shown). These results seem to show that the increase in CN insensitivity is due to the appearance of the AP. However, it has been claimed that hydroxamate sensitivity was not a suffilcient criterion to classify a given 02 uptake as being due to the mitochondrial AP, because, in some cases, hydroxamate-sensitive, CN-insensitive 02 uptake in crude mitochondrial preparations has been attributed to activity of lipoxygenase contaminated in the preparations (8, 17) . Miller and Obendorf (14) demonstrated that disulfiram could be used to distinguish between the alternative respiration and lipoxygenase 02 uptake; that is, disulfiram inhibits the AP, whereas it has no effect on lipoxygenase activity. In washed mitochondria from l- (8) demonstrated that the activity of lipoxygenase associated with the crude mitochondria fractions (Fig. 3) . When the washed mitochondria isolated from 6-h-, l-d-, and 3-d-old cotyledons were treated with BHAM, RC values were altered; the mitochondria from 4-d-old cotyledons showed a notable increase in the value, while those from the other two cotyledons showed a little decrease (Table II) .
Effects of CH and CP. The seeds were imbibed in CH (0.01 and 0.3 mM) or CP (3 mM) solution for 6 h, then transferred to filter paper moistened with the same CH or CP solution, and incubated for 1 or 2 d. In Table III 
DISCUSSION
It has been reported in potato slices (9) , cultured sycamore cells (19) , and germinating chick peas (2) that molecular 02 iS involved in the appearance of the AP. This is also confirmed in the present study by the fact that incubation of cotyledons under anaerobic conditions after the transfer prevented the development of the AP (Table IV) . It is as yet not clear whether 02 acts as a trigger of the induction of the AP or whether its absence has an indirect effect, i.e. the prevention of respiration producing a lack of ATP for protein synthesis (10) . In black gram cotyledons, inhibition of the Cyt-mediated respiration by KCN or of ATP formation by an uncoupler (CCCP) resulted in disturbance of the development of the AP (Table IV) . In addition, the appearance of the AP was dependent on cytoplasmic protein synthesis (Fig. 4) . Therefore, it is probable that, in black grams, the inhibition of the appearance of the AP under anaerobic conditions is brought about through the prevention of Cyt-mediated respiration. A similar result has been reported in chick peas (2) .
Taking this 02 effect into consideration, there is a possibility that the lack of the activity of the AP in mitochondria from cotyledons in the early stage of imbibition (during the first 6 h) was due to a limitation of0°supply during this period. However, the respiration of the mitochondria from 6-d-old cotyledons which were imbibed in aerated water was also completely inhibited by CN. Therefore, the absence of the activity of the AP during the first 6 h of imbibition is apparently not due to the inhibition of the development of the pathway resulting from the lack of 02, although it is possible that the aeration by bubbling was not adequate. It is generally believed that oxidation of succinate (substrate used here) through the AP is not linked to phosphorylation (3) , although there is some objection to this (20) . Therefore, if the AP contributes to state 3 respiration, ADP/O ratio will be diminished. However, no depression was observed even in mitochondria from 4-d-old cotyledons which had a high AP capacity (Fig.  1) , indicating no contribution of the AP to state 3. In fact, p values show that on day 1 the AP contributes to state 4, but not to state 3. The decreased RC ratio of the mitochondria from 1-d-old cotyledons (Fig. 1) can be explained in terms of participation of the AP only in state 4 respiration. This is substantiated from the fact that the decreased RC ratio was reversed by the addition of BHAM (Table II) . In this connection, it can be reasonably thought that the increase in RC ratios observed in mitochondria from cotyledons treated with CH (0.3 mM), N2, KCN, or CCCP was caused by the inhibition of the development of the AP (Tables III and IV) . Decreased RC ratio in mitochondria from CP-treated cotyledons (Table III) can also be explained in terms of acceleration of the development of the AP by the CP treatment.
Respiratory transitions similar to that in black grams have been reported in chick peas and peas by Burguillo and Nicolas (2), and James and Spencer (13), respectively; that is, CNsensitive 02 uptake in the early stages of germination and subsequent shift to the alternative respiration. However, the time in which the capacity of the AP reaches a maximum is quite different among them; 3 to 4 d after the start of imbibition in chick pea, 6 to 7 d in pea, and 12 to 16 h in black gram. James and Spencer (13) mentioned that mitochondria in pea cotyledons are fully developed by day 4 to 5 of germination and that, after this time, both structure and enzyme activities deteriorate. Unfortunately, in chick peas no data are presented concerning mitochondrial development (2) . As to peas, therefore, it is indicated that the AP reaches a maximum capacity in the stage of deterioration of mitochondria. In black grams, on the contrary, the AP develops early in the imbibitional stages, hence long before the stages of mitochondrial deterioration. In this sense, the developmental pattern of the AP is quite different between peas and black grams. This inconsistency might be due to a difference in plant material used. But we have no definite explanation for this.
Yentur and Leopold (21) and Esashi et al. (7) presumed that the early stages of germination of soybean and cocklebur seeds, respectively, are dependent on the alternative respiration. The results presented here also suggest a possibility that the AP, whose appearance and disappearance are dependent on protein synthesis, plays some role in the early stages of germination of black gram seeds. However, in order to confirm and define the nature of this role, further investigations are necessary.
